Electron spin polarizations have been measured in the fractional quantum Hall effect. In experimental curves, a number of plateaus appear, some that are wide and others that are narrow. In this paper, theoretical calculations are presented to explain these observations. In the Landau gauge, single electron orbitals have the shape of equally spaced parallel lines.
Introduction
I. V. Kukushkin, K. von Klitzing and K. Eberl have measured the electron spin polarization in the fractional quantum Hall effect (FQHE) for twelve filling factors [1] . The results exhibit wide plateaus and small shoulders on the magnetic dependence curve of the spin polarization.
Explaining this complicated spin-polarization behavior theoretically is difficult, although many theoretical investigations have been conducted into the fractional quantum Hall effect [2] [3] [4] [5] . This behavior is investigated in this paper.
In the integral quantum Hall effect, Laughlin et al used the Landau gauge and clarified the quantization of Hall resistance [6, 7] . Tao and Thouless [8] adopted these states in FQHE, but the lowest order ground states were degenerate, so diagonalizing the Coulomb interactions is difficult.
In a previous paper [9] , we divided the total Hamiltonian H T into two parts as This electron configuration has the minimum classical Coulomb energy. The most uniform electron configuration at each filling factor can also be determined.
Spin-Peierls effect and spin exchange interactions
As seen in the previous section, the most uniform electron configuration has the minimum value of the classical Coulomb energy, namely the diagonal elements of the Coulomb interactions. The residual Coulomb interactions produce the spin exchange interaction. We consider the nearest neighbor interactions, the strengths of which are  and , as illustrated in Figure 1 . Next, the mechanism of spin-Peierls transitions [10] is taken into consideration.
For   2 3, there are two electrons inside each unit cell, as shown in Figure 1 . We make the intervals between electron orbitals wide in the first unit-cell, narrow in the second unit-cell, and so on. The coupling constant of the nearest orbital pair then changes from the original value to two different values  and  , and the coupling constant of the second nearest orbital pair also changes from the original value to two values  and  , as illustrated in 
where g is the g-factor, B is the magnetic field strength, 
where the operators c i and c i * are the annihilation and creation operators of a fermion.
These procedures are described in reference [11] . The operators c i and c i * are renumbered using the cell number j as follows:
Fourier transformation gives
where p  2 J  integer , - < p   and J is the total number of cells. Substituting (4) into (2) gives:
The eigenenergies of Hamiltonian (5) 
The eigenvalues
  and  4 p   of this matrix M give the following electron spin-polarization  e (see reference [11] for details):
There are random potentials in real Hall devices, which produce some fluctuations in the eigenvalues. Replacing the random potential effect with a thermal vibration effect is assumed to be a good approximation. Effective temperature T is then introduced. Next, we assume that 
Values of electron spin-polarization calculated for various filling factors
The most uniform distribution of electrons is found for the filling factors  =3/5 and  =4/7. In these three cases, we write the matrix for  =3/7 as an example:
The calculated electron spin polarizations are plotted in Fig. 7a, 7b , and 7c.
=== 
Results and discussions
As can be seen in Figs. 3 , 5, 7, and 9, the calculated electron spin polarization curves have small shoulders, which are caused by interval modulation, namely the spin-Peierls effect.
Small shoulders also appear in the data of Kukushkin et al [1] , and our calculated curves are in good agreement with the experimental data. Thus, the spin-Peierls effect can be concluded to appear in the electron spin polarization of the fractional quantum Hall effect. 
